increase, the science arms of the various federal agencies realize that the knowledge base is not always adequate to address all issues and in many cases pushes the limits of our understanding of some of the physical, chemical, and biologic processes involved. Because the marine Cretaceous Mancos Shale is a known contributor of toxicants and salt to the upper Colorado River Basin, the Mancos Shale Landscapes: Science and Management of Black Shale Terrains Regional Partnership Project was created in the U.S. Geological Survey (USGS) to provide the critical scientific data needed to expand our knowledge base of the various landscapes developed on the Mancos Shale and to showcase how this knowledge can be used to help land managers make sound, unbiased land-management decisions. Scientists from all five USGS disciplines (Biology, Geology, Geography, Water, and Geospatial Information) have partnered with scientists and land managers from the Bureau of Land Management (BLM) and the Bureau of Reclamation (BOR) in an effort to provide and synthesize these scientific data.
This report summarizes data about the pedogenic landscape of the Mancos Shale on the Gunnison Gorge National Conservation Area (GGNCA) in western Colorado and near Hanksville, Utah. Tables include chemical data for 1) soil, shale, and soil/shale saturation paste extracts from 12 trenches in the Mancos shale on the GGNCA; 2) soil and soil saturation paste extracts from three depths at 85 sites on Mancos Shale across the GGNCA; 3) sulfate isotopes in gypsum collected across the GGNCA; and 4) soil and shale from four pits in Mancos Shale near Hanksville, Utah. Interpretation of these data are not included in this report, and will be released in subsequent publications. An index map of the sampled areas is in figure 1. 
Sampling

GGNCA Trench Sampling
Sampling of GGNCA trenches occurred in [2003] [2004] . Table 1 summarizes the trench locations, their aspect, and number of samples taken. A detailed description of these trenches and their respective sample positions are included in Ball and others (unpub. data, 2006) . Eight trenches were sampled in the Elephant Skin Wash (ESW) area: four into the toe of slope, two on ridge top pediment surfaces, and two in the valley floor. Four trenches were sampled in the Candy Lane (CL) area; all trenches were at the toe of the slope. Each trench except those in the valley floor penetrated shale, and petrographic examination of the shale showed varying degrees of weathering. In addition, large amounts of sulfate salts (predominately gypsum) on bedding planes of the shale and in fractures indicate that fluids had moved through the shale sometime in the past, possibly when the water table was much higher than it is today (greater than 150 meters depth in the CL area).
Soil samples for total chemistry are composites of varying depths. Some shale samples are composites as well (designated as "composite"); however, a single sample in the middle of the shale composite interval (designated as "bulk") was taken for detailed mineralogic and petrographic examination. These bulk samples were also chemically analyzed. Soil and shale samples for extracts were taken across a much smaller interval in one ESW toe slope trench (T40A), and across similar intervals in all four CL trenches and the two ESW valley floor trenches.
Trench samples were described in the field (Ball and others, unpub. data, 2006) . Wholerock and saturation paste chemistry, including major elements and trace elements, were analyzed and are reported here. Quantitative mineralogy, bulk densities and particle densities were also done on the same sample intervals. At most of the trench sites, rainfall simulations on disturbed and undisturbed paired plots, as well as vegetation studies, were completed. Mineralogical, rainfallsimulation, and vegetation results will be released in separate reports. 
GGNCA Regional Soil Sampling
In 2005, a regional soil survey on Mancos Shale in the GGNCA was undertaken. Over a two-week period, 253 samples were collected from 85 0.65 kilometer square cells (one-quarter square mile grid) across the GGNCA ( fig. 2 ). Latitudes and longitudes are given in Appendix  Table A12 . Each site was characterized with respect to vegetation (% cover included, with detailed vegetation data to be published in a separate report), electromagnetic data (included here), soil depth (included here, with the penetrometer data to be published in separate report), and visual disturbance (included here). At each site, three soil depths were sampled (0-5 cm, 5-25 cm, and 25-45 cm), and samples were analyzed for color, particle size distribution, total chemistry, and saturation-paste extract chemistry (all data included). Samples also were collected for mineralogy and bulk density, and these data will be published in separate reports. 
GGNCA Gypsum Sampling
Gypsum is a prevalent salt across the GGNCA. It is found on the surface as it physically weathers from shale outcrop. It occurs in the soil in various depth horizons (maybe as remnants from shale disaggregatation) and, in some localities, forms gypcretes. It is ubiquitous along bedding planes and as fracture fill in shale in the trenches, which were 6 m deep or less. It probably does not extend much deeper, as it was not observed in core material below 6 m depth (core location is in Candy Lane near trench TS; Bridget Ball, personal commun.). Gypsum samples are grab samples from the surface and within trenches.
The isotopic composition of gypsum (sulfur and oxygen of the sulfate) is used to fingerprint salt sources. Therefore, isotopically characterizing the gypsum on the GGNCA may help constrain its origin and provide a signature for assessing Mancos Shale contributions to salinization of nearby streams and rivers.
Hanksville Pit Sampling
In May 2003, several hand-dug pits were sampled from the Blue Gate and Lower and Upper Tununk Members of the Mancos Shale near Hanksville, Utah. One pit in each member was dug, and soil and shale samples were composites over homogeneous intervals determined by field observations. Samples were analyzed for whole-rock chemistry (data included in this report), and mineralogy (to be published in a separate report). The Hanksville samples were not extracted.
Extract Preparation
In 2003, samples from one trench (T40A) were extracted using two methods for comparison: 1:5 water extracts and saturation paste extracts. Results from this comparison showed that, for the most part, the spatial trends in the 1:5 extracts mirrored those of the saturation paste extracts except that their element concentrations were smaller. We decided to continue to use only saturation paste extracts, even though in some saline soils, gypsum saturation controls the concentration of calcium and sulfate. Because high saturation indices in natural soil waters and runoff likely are similarly controlled, we concluded that saturation paste extracts more accurately represented natural conditions in our study areas, which receive very low annual precipitation (generally <20 cm). All extracts were prepared in the Bureau of Reclamation Soil Laboratory, Denver, Colorado.
1:5 Water Extracts
The 1:5 extracts (wt/wt basis) in the comparison study were prepared by adding five parts water to one part soil or shale (dried & ground portion of <2 mm material). The mixtures were shaken for 16 hours and filtered using vacuum filtration. The extract was collected for pH and conductivity measurements and split for chemical analyses.
Saturation Paste Extracts
Saturated paste extracts were prepared by mixing the soil or disaggregated shale sample (dried & ground portion of < 2mm material) into a smooth paste with a consistency comparative to that of pudding. The definition of the paste is "a particular mixture of soil and water such that the soil glistens as it reflects light, flows slightly when the container is tipped, and slides freely & cleanly from a spatula" (U.S. Department of Agriculture, 1996) . There should be no free water on top of the sample. Each sample requires a different amount of water to be added to achieve the proper mixture, and the amount of water added is reflected in the percent saturation. That number is the amount of water added relative to the dry weight of the soil. For example, if a 200 g soil sample has a saturation of 50%, it requires 100 ml of water to make a saturated paste. After the appropriate amount of water is added, the samples are allowed to sit overnight. The pH is measured in the paste. Then the extract is removed by means of vacuum filtration. Extracts are collected and analyzed for conductivity, and then split for further chemical analyses. Percent saturation can be used to calculate extract concentrations to a dry-weight basis for a common comparison of samples: ((element concentration in extract) x (%saturation/100)).
Analytical Methods
Color and Moisture of Soil and Shale
Color of soil and shale was determined by comparing the sample to a Munsell Soil Color Chart. Colors were determined in the field for the regional study and in the laboratory for all samples. The laboratory colors allow comparison among samples that were collected at different times of the year under different moisture conditions. Moisture was measured in most samples by weight loss after drying.
Particle Size Distribution of Soil
Grain-size data for regional soil samples were obtained using a Coulter LS 100 Particle Size Analyzer, a laser diffraction system capable of measuring particles between 0.4 um (microns) and 900 um that are suspended in liquid. This instrument is located in the Bureau of Reclamation Soil laboratory, Denver Colorado. For this study, dry samples were physically disaggregated by hand as much as possible without causing grain size reduction. They were then placed in a slurry consisting of sample, water, and sodium hexametaphosphate (to aid in clay dispersal), initially well-mixed, stirred occasionally thereafter, and left for a minimum of 24 hours. Individual samples were poured through a #35 sieve (0.5 mm) to remove larger pieces such as fossil and gypsum fragments to avoid scratching the lenses. Very little material was removed from any sample by this process.
Electromagnetics
The EM38 meter measures soil conductance by the use of a magnetic field. The primary field is emitted from one side of the meter and a receiver at the opposite end measures the relative strength of the secondary magnetic field as it passes through a block of soil. The relative strength of the secondary magnetic field is directly proportional to conductivity of the soil in the pathway. The dual output version of the meter has a vertical (deeper) and horizontal (near-surface) dipole mode that allows an estimate of whether the near-surface is more or less conductive than the material at depth. Generally, the horizontal dipole effectively measures a block of soil several inches wide and approximately 0.5 m deep. The vertical dipole is effective to about 1.5 m. If the horizontal reading is greater than the vertical reading, the near-surface material is more conductive and vice versa. If both readings are essentially the same, the conductivity is essentially uniform to about 1.5 meters, the effective depth of the EM38. Field readings were adjusted for soil temperature and moisture.
Chemical Analyses of Solid Samples and Extracts
XRAL Laboratories, Canada performed most analyses of solid samples. Specialized analyses on solids such as sulfur speciation, isotope analyses, and combustion sulfur analyses were performed in the USGS laboratories. Extracts were analyzed in USGS laboratories located in Denver, Colorado. Table 2 summarizes the methods of analyses. 4 Hg, Nitric and hydrochloric acid digestion, followed by the addition of potassium permanganate, sulfuric acid, and a NaCl-hydroxylamine solution. 5 Major and some trace elements (solids)-lithium metaborate fusion dissolved in dilute nitric acid. 6 Major and trace elements (solids), hydrofluoric-, nitric-, perchloric-and hydrochloric-acid digestion. 7 Tuttle and others, 1986. 8 Tl-sodium peroxide fusion followed by DIBK extraction that is introduced in to a graphite furnace.
Sulfur and Oxygen Isotopes of Gypsum Sulfate
Gypsum samples from the GGNCA were placed in water and shaken for 30 minutes and then filtered. The filtrate was saved. The solid collected on the filter was placed in 6 N HCl, warmed slightly and then quickly filtered. The water filtrate was acidified to a pH less than 4. Barium chloride was added to each filtrate and the solutions were allowed to stand overnight. The precipitated barite was filtered and dried. The sulfur and oxygen isotopic composition in delta format of the barite was determined using procedures (MS abbreviation in appendix tables) in Kester and others (2001) . 5 Oxygen compositions of the sulfate were analyzed on samples extracted with water because of exchange of oxygen between sulfate and water in acid extractions.
Results
Tabulated results are in the Appendix tables. The data are provided in Excel worksheets and in PDF tabular form. The appendix also provides a table for each data set that includes the elements and their method of analyses that were excluded because all values were less than the lower limit of determination (5 times the standard deviation of the blank; Taggert, 2002) . In the same table, elements with some censored values are also included along with the method of analysis, the lower limit of determination, percent of censored values and replacement values (1/2 the lower limit of determination) for those elements with less than 20 percent of their values censored. The authors recommend that these replacement values (red fonts) are valid for statistics on elements only when the percentage of censored values is less than 20 percent of reported values. Table A2 . Data for solid samples from Elephant Skin Wash slope and pediment trenches, GGNCA.
Click here to open Table A2 Table A3 . Elements in extracts of samples from T-40A, Elephant Skin Wash, GGNCA, whose values were all below the lower limit of determinations or with censored values (below the lower limit of determination).
[ Table A4 . Data for extracts from Trench T40A, Elephant Skin Wash, GGNCA.
Click here to open Table A4 Elephant Skin Wash Valley Fill Trenches Tables A5, A6 , and A7 tabulate data from two trenches in the Elephant Skin Wash valley floor (V-1 and V-2). Only pH, conductivity, and % saturation are available on saturation paste extracts. Profiles sampled within trench V-1 include a horizontal profile that intersected the arroyo about one-half its maximum depth, a horizontal profile that was just below the arroyo, and three vertical profiles, one on either side of the arroyo and one beneath the arroyo. Only one vertical profile was sampled in V-2. Table A6 . Data for solid samples from valley fill trenches, Elephant Skin Wash, GGNCA.
Click here to open Table A6   Table A7 . Data for extracts of samples from valley fill trenches, Elephant Skin Wash, GGNCA.
Click here to open Table A7 15 Tables A8, A9 , A10, and A11 tabulate total and extract data from four slope trenches (TS, TW, TN, and TE). Most profiles are vertical except for the TN-horizontal sample sequence taken along one bedding plane from the mouth of the trench to the back wall. TS-lower are soil samples taken at the mouth of the trench about 4' from trench floor; TS-Trench face, soils taken just to the left of the trench wall; TE-W series, on the trench wall; TW-C and TW-0 series, soil taken just to the left of the trench wall. Table A11 . Data for extracts from trenches in Candy Lane, GGNCA.
Candy Lane Slope Trenches
Click here to open Table A11 18 Tables A12, A13 , A14, A15, and A16 tabulate data for sites and samples collected during GGNCA regional sampling. Each sample is keyed to a horizontal (X) and vertical (Y) cell number ( fig. 2) . Table A12 . Locations and description of GGNCA regional sampling sites.
GGNCA Regional Soil Data
Click here to open Table A12   Table A13 . Elements in solid samples from the GGNCA regional sampling whose values were all below the lower limit of determinations or with censored values (below the lower limit of determination). Table A16 . Data for extracts from GGNCA regional sampling.
Click here to open Table A16 GGNCA Gypsum Isotope Data Table A17 . Location and sulfur-and oxygen-isotope data for gypsum collected throughout the GGNCA. 
Hanksville Pit Data
Sites near Hanksville, Utah, were chosen to match those of Andrew Godfrey's long term erosion studies (Andrew Godfrey, personal commun.). Hand-dug pits were located near Godfrey's accumulation pits, and shale was sampled from waste piles excavated from these pits. Table A18 . Elements in solid samples from the Hanksville pits whose values were all below the lower limit of determinations or with censored values (below the lower limit of determination).
